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Major Facilities Construction Highlights

Advanced Photon Source

Semiannual Review of Advanced Photon Source Project (APS)

A Construction Project Management Review of the APS Project was conducted at Argonne National
Laboratory on November 15-17, 1994 by the Office of Basic Energy Sciences and the Office of
Management. The Review Committee consisted of Mr. James Carney, Construction Management
Support Division, Chairman; Robert A. Zich, Acquisition and Assistance Management Division; Office
of Basic Energy Sciences' Drs. Albert E. Evans, Frederick A. Koomanoff, William T. Oosterhuis, and
Waliter M. Polansky, together with eleven peer reviewers from DOE Laboratories. Also present were
Mr. Matthew Cole from the Office of Environment, Safety, and Health Technical Support, Dr. Bal
Mahajan of the Office of Performance Assessment, and Edward F. Koch from the Office of Field
Management. The Committee is pleased to report that the APS Project is meeting budget ($811.9
Million Total Project Cost) and time schedules. Construction of the accelerator should be complete by -
January 1985. All construction, now mostly office and laboratory space, should be completed by
February 1996. Commissioning, now underway, should -be complete well in advance of the

. 'December 1996 date scheduled for the start of routine operatlon

Development of Non-Polluting Process for Cleaning Metal Receives Award by the State of lllinois

The Advanced Photon Source (APS) scientists, engineers, and technicians have combined their’
efforts and ideas to develop an alternate process for chemically cleaning aluminum-alloy vacuum
chamber sections prior to their installation into the APS. The result of their efforts was-the
elimination of 3,000 gallons of hazardous chemical waste per month and an estimated cost savings
for waste removal of $300,000 in the first year. Their new process utilized a combination of an
alkaline detergent bath and high-frequency sound waves in lieu.of the caustic lye treatment that
typically is used for this type of cleaning operation. The used alkaline solution was then easily
handled by the Argonne waste-water treatment -plant. The staff is now adopting the process to clean
other metals used in the APS, such as stainless steel and copper. :

Representatives from DOE-Chicago Operations Office/Argonne Area Office (DOE-CH/AAO) and

- Argonne National Laboratory (ANL) attended the Eight Annual Governor's Pollution Prevention
Awards Ceremony in Springfield, lllinois on September 21, 1994. The ceremony was hosted by the
Hazardous Waste Research and Information Center within the lllinois Department of Energy and
Natural Resources. State Senator John Maitland, on behalf of Governor Edgar, presented a
certificate of recognition to ANL for pollution prevention during the past year on the APS, Creig Zook
(Acting Director, DOE-CH Laboratory Management Support Division) and John Noonan (ANL/APS)
accepted the certificate on behalf of ANL.

."Mini-Review" of the Advanced Photon Source Project was Heid at»Arqonne National Laboratory

A "Mini-Review" of the Advanced Photon Source (APS) Project was held at Argonne National
Laboratory on September 7, 1994. The purpose of the review was to examine the operating
expenses (the R&D and commissioning) for the APS project, to check on the progress of the -
construction, and to set up the Semi-Annual Review which will take place in November 15-17, 1994,

The project continues to make extremely good progress. The storage ring assembly is expected to
be complete by the end of calendar 1994, so that commissioning of the APS storage ring can begin
in January 1995.
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The R&D to develop innovative ways to generate, handle and utilize these very intense X-ray beams
has gone well. As a result of the R&D, orders for several insertion devices have been placed and
the first of these has been delivered and successfully tested. The HASYLAB in Germany has
‘purchased an undulator (magnetic insertion device) designed by APS and manufactured by STI
Optronics. This is an example of the transfer of technical information to a small U.S. business, and
export of a manufactured product. This undulator will be tested at APS on their automated magnet
measuring device. :

Beamline front-ends and insertion devices will be provided to users by the APS, which will reduce the
cost for instrumenting each beamline by a considerable amount to each of the Collaborating Access
Teams (CATs). High heat load optical elements have been devised by the APS staff and several
orders based on APS prototypes have been placed. An innovative, Ice-Based Thermal Storage
System is being developed for chilled water to reduce the operating costs for the APS.

APS hés instituted a "Safety Partnering Program" and has-invited safety people from DuPont to
review and advise ANL on its safety program. Several of the CATs are close to putting beamline
instrumentation on the experimental floor. . ’

' Adyanced Photon Source Users Meeting

The Sixth Users Meeting for the Advanced Photon Source will be held May 15-16, 1994, at Argonne
National Laboratory. Users from Collaborating Access Teams and general users will receive an
update on the progress of the Advanced Photon Source and will exchange ideas and designs for
beamline instrumentation to better exploit the unique properties of the Advanced Photon Source.
The Advanced Photon Source is now installing the Storage Ring components with the goal of
finishing the installation to begin commissioning of the Storage Ring by January 1, 1995. William T.
Oosterhuis will be attending this meeting from the Division of Materials Sciences/Office of Basic
Energy Sciences. ‘

‘ Semi-Annual Review of the Advanced Photon Source Project

A Department of Energy Review Committee met at Argonne National Laboratory on April 12-14,
1994, for its Semi-Annual Review of the Advanced Photon Source. The Department of Energy
Review Committee included six people from Energy Research, three from the Argonne Area Office,
and nine consultants from various DOE laboratories. The Advanced Photon Source personnel
presented overviews on the status of the construction project with regard to cost, schedule,
management, technical systems, and Environment, Safety and Health. No major concerns were
found. The project continues to make excellent progress with the expectation of completion on time
and within budget.

Completion of the Advanced Photon Source Level 1 Milestone: Initiate Injector Svnchrotron
Commissioning '

‘The injector synchrotron has been installed, individual components have been tested, and an
Accelerator Readiness Review has been completed. Authorization to begin commissioning has been
granted by the authorizing official (C. Langenfeld, Chicago Operations Office). A beam of 300 million
electron volt electrons from the linear accelerator was injected

into the synchrotron on April 21, 1994. Machine physicists are currently working to raise the injection .
energy of the electron beam to 400 million electron volts before focussing their attention on storing
the beam in the booster synchrotron.




Invention at the Advanced Photon Source Recognized by National Award:
National Awards Being Presented

Argonne National Laboratory will be receiving the National Pollution Prevention Award for Zero
Generation. The text below is taken from the script for the award. The award will be presented by
‘Bill White, the Deputy Secretary.

The highest measure of source reduction is whether wastes from a process can be designed
away to zero. "Zero -Generation" is a lofty standard; all the more reason to recognize those -
that attain it.

The Advanced Photon Source at Argonne National Laboratory requires the use of metal
components with a high level of cleanliness. Originally, plans called for extensive use of

. hazardous solvents for cleaning. Original projections called for the generation of 3,000 gallons-
of hazardous solutions per month. Waste disposal costs would have been an astounding
$300,000 per year. When training, protective equipment, and compliance costs were added,
the total could very well have reached $600,000 per year.

Instead, Argonne engineers redesigned the entire process, from contponent fabrication to
cleaning. Now no hazardous waste generation is pro;ected from the process saving $600,000
per year. .

Materials Sciences Program Summary Book for Fiscal Year 1993 Avaitable

One primary mechanism of information transfer and outreach to our customers is the annual
publication of research program summary books for each of the five Division of the Office of Basic
Energy Sciences. The general wide-spread dissemination of detailed information about all current
activities supported by the Basic Energy Sciences program is tremendously useful to those seeking
support for their research as well as those who are interested in developlng partnerships with the
program, A

Materials Sciences Programs Fiscal Year 1993 is the most recent annual program summary book for
. the materials sciences research programs that are funded by the U. S. Department of Energy/Office
of Basic Energy Sciences/Division of Materials Sciences. The contents of this multiply indexed 173
page book include program descriptions for 472 research programs including 219 programs at 14
DOE National Laboratories, 242 research grants (237 of which are at universities), and 11 Smali
Business innovation Research grants. Five cross-cutting indices identify ail 472 programs according
to principal investigator(s), materials, techniques, phenomena, and environment. Other contents
include a bibliographical listing of 43 publications on select toplcs such as scientific workshops that
identify materials science research needs and opportunities; descriptive summary and access
‘information on 14 national research user facilities including synchrotron light sources, neutron
scattering, electron beam microcharacterization, materials preparation, surface modification, and
combustion research; descriptive summary of the DOE Center for Excellence for Synthesis and
Processing of Advanced Materials; and an anatytlcal summary of funding levels. Copies are
available by calllng (301)-903-3427. :

Advanced Photon Source Mini Review to be Held . .

A "mini review" of the Advanced Photon Source Construction Project will be held at Argonne
National Laboratory on January 27, 1994. The purpose of this review will bé to examine the
research and development program and other operating expenses such as commissioning of the
facilities. In-addition, the mini review will make plans for the next semiannuai review to be held in



mid April. DOE/Headquarters will be represented by Dan Lehman, Ron Yourd, Bill Oosterhuis and -
Walt Polansky and they will be joined by the Advanced Proton Source project manager (Bob
Waunderlich) and his staff from the Argonne Area Office.

Safety at the Advanced Photon Source

The Semiannual review of the Advanced Photon Source Construction Project was held on
November 2-4, 1993, at Argonne National Laboratory. Dr. BaI Mahajan was invited to attend the
review with the goal of:

1)  Familiarization of the Offices of Environmental Health with the Advanced Photon Source
Project as we go forward from the construction phase to the commissioning and eventual
operation of the Advanced Photon Source. ' .

2) = To solicit advice as to how Basic Energy Sciences/Advanced Photon Source might
become the best it can be in the Environmental Safety and Health area, and in meetmg
various DOE requirements in Environmental Safety and Health.

A memorandum was received from the Director of the Office of Performance Assessment
(Environmental Health) which noted that "a series of effective safety, health, and quality assurance
programs including some outstanding proactive practices have been implemented at the Advanced
Photon Source. In his (Dr. Mahajan's) opinion, the Advanced Photon Source Director's introduction

of the "personal safety assessment” and the "individual safety envelope" qualify as noteworthy
practices. "These innovations provide excellent examples of total quality management in the area of .
hazard communication."” .

Advanced Photon Source Begins Noteworthy Health and Safety Practice

The management of the Advanced Photon Source at Argonne National Laboratory has instituted a
new safety and health initiative whereby each Advanced Photon Source employee will prepare in his
own words an individual personal safety assessment or "safety envelope.” The safety envelope
encompasses the duties of the employee, the potential hazards associated with these duties, the -
training and experience which the employee has had or needs to deal with these hazards, and the
safety practices, documents, and other means of guidance which the worker should follow to protect
himself and fellow workers from the hazards. This initiative is cited by the Office of Basic Energy
Sciences/Division of Materials Sciences as a noteworthy practice in Environment, Safety, and Health.

Semiannual Review of Advanced Photon Source

A semiannual management review of the Advanced Photon Source (APS) Project was conducted at -
the Argonne National Laboratory on November 2-4, 1993. The APS Project, a 7-GeV synchrotron
radiation facility scheduled for completion in December of 1996, ‘has a total estimated cost of $467
million and a Total Project Cost of $812 million. Conventional construction is over 70% complete.
The first technical module, the injection linear accelerator, has been installed and is now undergoing
commissioning. The Review Committee consisted of representatives from the Construction Support

" Division of the Energy, Research Office of Management, from the Office of Basic Energy Sciences,
and technical experts of DOE facilities. The Committee found the prOJect to be well managed, on
schedule, and within budget.



Basic Scientific Advances:
Examples. of Research Highlights

Destrucﬁion of Dioxins in Soil

A recent Environmental Protection Agency reassessment of the health risks of dioxins has concluded
that dioxins and related chemicals are a probable cause of cancer in humans. Environmental groups
view dioxins as a public health threat and advocate elimination of as many sources as possible. The
organization Greenpeace is demanding a moratorium on construction of incinerators that burn
chlorinated hydrocarbons. .The alternatives to incineration are bioremediation, chemical
dehalogenation; and ionizing radiation. :

At the University of Notre Dame, Department of Civil Engineering, radiolytic decomposition of dioxins
in soil has been researched as the subject of a doctoral dissertation. The studies have concluded
that radiolytic destruction of 2,3,7,8-tetrachlorodibenzo-p-dioxin, the most toxic form of dioxin, is both
technically and economically feasible. The fundamental basis for the interaction between the
radiation and the dioxin molecule and the dioxin's decomposition pathways, involving successive
dechlorination, were identified in controlled samples of contaminated soils. The dioxin project,
supported by Occidental Petroleum, has made extensive use of the cobalt-60 gamma irradiation
sources and analytical instrumentation of the Notre Dame Radiation Laboratory, which is funded by
the Office of Basic Energy Sciences/ Division of Chemical Sciences.

Understanding Grain Boundaries in High Temperature Sugerconductdrs

A method for understanding grain boundaries in polycrystalline materials was demonstrated by using
state-of-the-art transmission electron. microscopy in combustion with an extension of an established
theoretical analysis. Yimei Zhu and Masaki Suenaga, of Brookhaven National Laboratory, examined
grain boundaries in a yttrium-barium-cuprate high temperature superconductor, YaBa,Cu,0,, to
determine the grain-boundary structure and composition on an atomic scale. A geometrically based
theoretical analysis, the constrained coincidence-site method, - which is well established for the
analysis of the atomic structure of grain boundaries in cubic materials such as copper, was extended
to the much more complex structure of the cuprate superconductors. The information derived from
the experiments and the theoretical analysis was shown to be crucial in understanding why some
grain boundaries, while not others, can transport high currents with no electrical resistance, a
characteristic which makes a superconductor technologically useful for magnets, power lines, etc.

Many of the properties of materials, especially electrical and magnetic properties, are strongly
influenced by the structure and composition of the boundaries of crystalline grains. Analysis of the -
structure of grain boundaries provides a fundamental basis for understanding important properties
such as strength and electrical conductivity. In recent years, much progress has been made in
understanding the detailed atomic structure of grain boundaries in elemental metals such as copper
and in simple alloys having cubic crystal structure. However, this has not been possible for materials
such as the cuprate superconductors because of their complex structures and the poorly understood
nature of interatomic bonding in these materials. This extension of the constrained coincidence-site
lattice method to grain boundaries in a complex material opens the way for this method to be used
for other technologically useful materials with complex crystal structures.

Fundamental Research in the Geochemistry of Hydrothermal Systems

Juske Horita and David Wesolowski at Oak Ridge National Laboratory have obtained high-precision



measurements of the oxygen and hydrogen isotope fractionation between water and steam at
elevated temperatures (25°C to 350°C).. The new results can be used to characterize reservoir
temperatures of geothermal energy resources and to model water cycles in the atmosphere and at
the surface. Horita and Wesolowski calibrated model expressions for temperature variations
between liquid and vapor water isotopes with published data and the new high-precision, high-
temperature results. Their work helps in determining geothermal reservoir sources and temperatures
from collected water and steam samples because their model is less sensitive to mherent samplmg
problems including partial condensation of steam.

The research was supported by the Office of Basic Energy Sciences/ Geosciences Research

Program, in conjunction with DOE's Office of Energy Efficiency and Renewable Energy and the
Postdoctoral Research Assocnates Program.

Basic Research in Rheology and Multiphase Flow Helps Maintain Productivity of Gas Wells

One of the fundamental engineering research projects supported by the Office of Basic Energy
Sciences/Engineering Research Program and carried out jointly by the Massachusetts Institute of
Technology (MIT), Sandia National Laboratory (SNL), and Los Alamos National Laboratory (LANL)
addresses the behavior of very dense suspensions. The results of the effort are now used by natural
gas well operators to reduce the cost of gas recovery. So-called proppant, i.e., the porous substance
used to keep open the cracks in the rocks through which gas flows from the underground reservoir to
the surface, must be immobilized. Without modification the usual proppant, such as sand, tends to
flow out from the rock cracks, dragged by the gas outflow causing the cracks to close and thereby
shutting off the gas flow. Better understanding of this multiphase flow, together with the results of
the MIT-SNL-LANL research have Ied to the use of special fibers which |mmob|I|ze the proppant, but
do not inhibit the gas flow. ’

Induced Seismicity Near the Lacq Gas Field, Southwestern France

With joint support from the U.S. Geological Survey and the Office of Basic Energy
Sciences/Geosciences Research Program, Paul Segall of Stanford University and colleagues A.
Mossop of Stanford and J.-R. Grasso of Grenoble's Laboratoire de Geophysique [nterne et
Tectonophysique, Observatoire de Grenoble, have investigated the causes of hundreds of shallow
low-maghnitude earthquakes that have occurred near the Lacq deep gas field of southwestern France.
The field is the major natural gas producing field in France. Using a model for poroelastic stressing
associated with volumetric contraction caused by gas production, Segall and colleagues show that
the predicted displacements and stress fields of the Lacq region compare well with measured
subsidence and hypocenter distributions. These results suggest that very small stress changes (0 1
MPa or less within the rock), which correspond to gas reservoir pressure drops of only 30 MPa, were
capable of triggering earthquakes at the Lacq field. Segall et al.'s poroelastic model can also be
used to constrain the magnitudes of regional deviatoric stresses from known reservoir pressure
changes, which are important in predictions of likelihood of failure in the earth's crust.

How Applications Derive from Basic Research, as Seen Through Glass

The following-account illustrates the serendipity of science for one research area at Oak Ridge
National Laboratory (ORNL), and how we cannot completely direct how science develops. Research
that began with waste remediation has resulted in new optical glasses and associated devices
developed by different ORNL groups involved in different aspects of photonics research.

Several years ago, while researching methods for encapsulating and disposing of nuclear waste in
glass, Solid State Division at ORNL found that the chemical durability of lead phosphate glass could
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be significantly increased by adding certain elements to it. Adding iron, for example, produced a -
stable, easy to make - aithough inky black - glass that bound readily to nuclear waste elements.
These properties appeared to be a custom fit for nuclear waste disposal; however, nuclear
policymakers pursued other directions and the ORNL phosphate glass has not, as yet, made the
technological short list of materials for radioactive waste disposal.

Despite that turn of events, Solid State researchers Lynn Boatner and Brain Sales believed that they
have a potential useful material. "We asked ourselves if there were other elements that would
increase the chemical durability of lead phosphate glass without turning it black.” They found that
adding either indium or scandium to the glass instead of iron produced a clear, colorless, stable
glass. The researchers then experimented with lead-iron phosphate glasses to which they added
alkali elements, and with the help of Christina Sanchez, a graduate student, they were able to -
produce glasses with thermal expansion coefficients almost identical to certain important metals like
stainless steel and aluminum. These developments allowed them to fabncate a variety of glass-to-
metal seals.

Another property, however, caught Engineering Technology Division researcher Steve Allison's .
attention: the lead-indium phosphate glass has a very high index of refraction. This property means
that a glass fiber, for example, can collect light from a much broader angle than conventional glass,
making it a potentially useful material for light sensors, ampilifiers, laser applications, and imaging
light guides. The light rays striking the end of the fiber from wide angles are collected along with
light from directly in front, an effect that could have illumination applications as well as light sensing
" and amplification. Indium glass lenses also exhibit another useful property: unlike conventional
glass lenses that become brown and opaque when exposed to radiation over time, i.e., the lead-
indium phosphate glass is radiation resistant. - For example, ORNL's indium glass was successfully
used by researchers at Lawrence Livermore National Laboratory who operated the first lasers based -
on the radioactive element promethium.

Boatner and Sales pointed to recent efforts to bring photonics-related research-together as a
multidisciplinary ORNL strength, declaring the work with single crystals and doped glasses a good fit
for this endeavor. "See what happens when you get materials people together with people who know
applications.” Boatner said, referring to Allison's quest to put this promising new material to use.
Some of those uses, include fiber-optic gyroscopes, optical time-delay components, medical lasers,
and special lenses for semiconducting laser diodes. Several companies have recently expressed an
interest in cooperative research and development agreements.

Suppression of Radiation Damage of Ceramics for Fusion Applicotions

. Scientists at Los Alamos National Laboratory, funded by the Office of Basic Energy Sciences, have
demonstrated that proper selection of the stoichiometry (chemical balance) of an electrical insulating
compound can lead to greater resistance to radiation-induced physical changes. This phenomenon
"has important applications for ceramic components in fusion-reactors. Specifically, spinel is a
candidate insulating materials for. lightly-shielded magnetic coils and radio-frequency heating system
" windows in fusion reactors. Stoichiometric spinel has the atomic composition of MgAl,0,, meaning
that there are four oxygen atoms for every two aluminum atoms and one magnesium atom. By
"adding extra aluminum and oxygen atoms, this compound becomes non-stoichiometric and also more
resistant to radiation damage in the fusion reactor. Radiation-induced amorphorization (glassy

- phase) is undesirable because it chariges the materials size and shape, and alters its needed
electrical and optical properties. Materials that are resistant to radiation-induced amorphorization are
expected to have much longer service lifetimes in fusion reactors.




Caffeine Production by Supercritical Carbon Dioxide Extraction Process

Research at the Oak Ridge National Laboratory supported by the Office of Basic Energy Sciences,
Division of Chemical Sciences, has demonstrated the technical feasibility of the supercritical carbon
dioxide extraction process for the production of caffeine from Brazilian guarana seeds. There is a
substantial global demand for caffeine to be utilized in food and pharmaceutical products, and the
Brazilian guarana seed has the highest caffeine content of any known natural product. Previous
work had explored caffeine recovery from guarana seeds with conventional liquid extraction using the
chlorinated hydrocarbon methylene chloride. However, extraction with supercritical carbon dioxide
offers substantial health, safety, and environmental advantages. This work has generated
fundamental data on the thermodynamics and kinetics of the extraction and has generalized these
data into useful engineering models. .

Geologic Generation of Hydrocarbons Under Investigation

Dr. Jeffrey Seewald of Woods Hole Oceanographic Institution, with support from the Office of Basic
Energy Sciences/Geosciences Program and the National Science Foundation, has performed
experiments to test models for hydrocarbon production in geologic environments (Nature, vol. 370, p.
285, 1994, see also Price's related commentary, ibid., p. 253). Contrary to the standard model for oil
and gas generation, involving thermolytic decomposition of organic matter (kerogen) under mainly
closed-system conditions, Seewald's results support a growing body of evidence for reaction of
circulating water and (inorganic) rock with kerogen to form hydrocarbons. In laboratory experiments
at temperatures as low as 325°C, inorganically buffered aqueous assemblages of ethene and ethane
metastably equilibrate in less than one month. Seewald's experiments demonstrate a possible
reactive link between inorganic and organic constituents of oil and gas-producing sedimentary basins:
reactions among water and iron-bearing minerals in a heated sedimentary basin participate in
controlling the oxidation and reduction of organic matter to form oil and gas. Further, although kinetic
barriers can prevent the entire system from equilibrating even during geologic timescales, iocal and
metastable equilibrium among water, organic phases and inorganic minerals is reached within days.
As noted by Price, these results are consistent with recent calculations of metastable equilibria by
Basic Energy Sciences/Geosciences supported researchers Helgeson and Shock, at the University of
California at Berkeley and Washington University, respectively (Geochim. Cosmochim. Acta, 57, p.
3295; 1993). _

Micromechanical Devices Made from Single-Crystal Diamond

Scientists at the Oak Ridge National Laboratory have, for the first time, produced freestanding single-
crystal diamond microstructures. The success resulted from the combining of two novel
experimental techniques. First, an ion implantation technique was used to lift-off a thin diamond film.
Then, the appropriate microstructure was engraved from the diamond film with a focused excimer
laser. A variety of microstructures are possible. The most practical is a twelve tooth gear,
approximately 400 micrometers in diameter and 13 micrometers thick. Similar microstructures, made
from silicon, have been used in tiny electrostatic motors which can be used in microrobotic
applications. Many properties of diamond make it even more attractive for such micromechanical
applications. Diamond micromotors could operate at higher rpm and should last much longer than
similar silicon devices. In addition, diamond micromachines could be used in much harsher
environments. The work has been supported by the Office of Basic Energy Sciences, Division of
Materials Sciences.. ‘ .

Origin of Natural Gas May Involve Natural Cata&sts

Professor Frank Mango (Ricé University), supported by the Office of Basic Energy Sciences/
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Geosciences Program, has obtained experimental data supporting the concept that naturally
occurring catalysts in sedimentary source are important in the conversion of kerogen to natural gas
(methane). The prevailing model for the origin of natural gas is.thermolytic decomposition of kerogen
even though the pyrolysis does not yield the naturally observed methane fraction. With coworkers at
Rice University and Exxon Production Research, Dr. Mango demonstrated that an appropriate
‘methane concentration could be produced in the presence of the source rock, but riot in its absence,
. under geologically reasonable pressure and temperature conditions. The specific constitution of the
natural catalyst has not been determined but is the subject of active current research. The results,
while still controversial, have been reported in Nature (368, p356, 1994) and highlighted in the April
11, 1994, issue of Chemical and Engineering News (p. 4-5). As the authors note in the Nature
paper, "Our results verify the existence of an alternative, catalytic pathway to natural gas. If it proves
to be significant, it could alter the way in which we view the generation and distribution of oil and gas
in the Earth.” : ’

New Equation of State Provides Broader and More Accurate Predictions of Engineering Properties of
Fluids )

Investigators supported by the Office of Basic Energy Sciences/Division of Chemical Sciences at the
Oak Ridge National Laboratory, as part of their development of molecular-based models for
supercritical ‘extraction, have developed a generalized quartic equation of state for the calculation of a
variety of thermodynamic properties of fluids. The chemical, petroleum, and other industries make
extensive use of equations of state for process design and development calculations. This new
equation is substantially more accurate and of relative simplicity compared to the more nairowly-
scoped cubic equations of state currently popular in industry. The Oak Ridge group recognized that
the cubic equations were based on a fundamentally incorrect molecular model for the repulsive part
of molecular interactions and that a quartic equation offered a much more accurate model.

Synthesis of Semibuckminsterfullerene - A "Buckybowl"

Professor Peter Rabideau and his team of organic chemists at the Louisiana State University report
the first synthesis of a semibuckminsterfullerene, a C,,H,, compound, in his study of bowl-shaped
hydrocarbons whose carbon frameworks represent some portion of the soccer-ball-shaped carbon
compound, buckminsterfullerene, or "buckyball". This work is supported by the Office of Basic
Energy Sciences’ Division of Chemical Sciences, and was reported in the ER News (August 1994)
and Chemical and Engineering News (August 29, 1994). This "buckybowl”, one of several possible
configurations, contains two 5-carbon rings and eight 6-carbon rings which force a bowl-shaped
conformation having a 2.70 Angstrom depth. This curvature is significantly greater than that of the
C,H,, compound, corannulene bowl, reported by Professor L. T. Scott, and which has a depth of
0.89 Angstrom. The chemistry of these very unusual compounds, including their ability to compiex
metal ions, is just beginning to be explored. .

Stanford Synchrotron Radiation Laboratory (SSRL) Completes Highly Successful Experimental Run

August 17, 1994, marked the end of 28.5 weeks of experimental running on SSRL's 22 stations. The
run was the most successful ever with an overall delivery of 89% of the scheduled user shifts (a 5%
improvement in delivery from the previous year). Experimenters from 167 institutions performed 203
experiments. Approximately 560 researchers came to the facility to actually participate in these
experiments. '

The improvements to the radiation storage ring (SPEAR) orbit, as part of the global feedba‘ck system
program, were particularly noticeable to users. The standard deviation of beam movement (both
planes) in the last half of the run was 80 microns. This is a significant improvement from last year
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when the movement was 400 microns in the horizontal and 200 microns in the vertical.
The next experimental run is scheduled to begin December 5, 1994.

Structure and Chemistry of Electronic Ceramic Interfaces Revealed

For the first time, researchers at Oak Ridge National Laboratory have determined concurrent atomic
and chemical structure of electroceramic interfaces. The atomic structure of grain boundaries in
electroceramics such as SrTiO, govern a variety of macroscopic electrical properties

including their technologically important nonlinear |-V characteristics. An understanding of the
relationship between the atomic structure and the electrical properties of the individual grain
boundaries requires an atomic scale investigation of both the composition and chemical bonding at
the boundaries. This was achieved by the team at Oak Ridge by applying atomic-resolution Z-
contrast imaging to examine specific atoms in the interface in combination with atomic resolution
electron energy loss spectroscopy which reveals chemical bonding characteristics. . These structural
studies, when correlated with electrical characterization, will now enable the relationship between
grain-boundary structure and physical properties in electroceramic materials to be determined.

New Method "Fingerprints"” Oil Samg' les

Los Alamos National Laboratory researchers John Musgrave, David Janecky, C. Drew Tait,

~ supported by the Office of Basic Energy Sciences/Division of Engineering and Geosciences, and
collaborator R. Carey (Scientific Instrument Co.), have developed a new technique useful for
identifying oil sources from micro-liter samples. The instrumentation they developed for obtaining
synchronously-scanned luminescence spectra from microscopic samples greatly facilitates analysis of
organic compounds from single oil-bearing fluid inclusions. Other micro-analytic methods are
complicated by rock matrix interference or degradation during sample preparation and analyses.
Fine-scale variations in type and concentration of various organic markers in trapped oil can be used
to evaluate migration and maturation of oil within producing fields, "fingerprint" oil sources, and -
characterize oil degradation and cementation processes within hydrocarbon reservoirs.

Combination of Techniques Leads to Super Sensitive Analvsis

Research at the Oak Ridge National Laboratory supported by the Office of Basic Energy
Sciences/Division of Chemical Sciences has developed a unique combination of two diverse
analytical techniques that has demonstrated major increases in sensitivity for the monitoring and
characterization of environmentally and biologically important metals. The.already high sensitivity
and versatility of inductively-coupled plasma mass spectrometry (ICP-MS) has been further improved
by using electrochemical stripping analysis (ESA) to preconcentrate metal ions from solutions
containing trace amounts of metal ions. Commercial instrumentation for inductively-coupled plasma
mass spectrometry is used for the analysis of trace metals with detection limits for direct analysis in
the 1-100 parts per trillion range. The electrochemical stripping analysis technique preconcentrates
metals by 100-1000-fold. For example, the detection limits for the metal thallium are now in the 10
parts per quadrillion range. Further advances are anticipated as the method is optimized, and similar
success is expected for the other metals of interest such as lead, cadmium, zinc, and copper.

Improved Diamond Films Grow from Buckyball Process

Articles in the July 29, 1994, issue of Science, the July 30, 1994, New Scientist, and the August 15,

1994, issue of Business Week highlight a new discovery at the Argonne National Laboratory in which

diamond films are grown using fullerene (commonly referred to as buckyball) precursors in an argon

microwave plasma without the addition of hydrogen or oxygen. Growth rates with this new technique
' L B
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are at least four times faster than the traditional methods. If the technique can be scaled up, it
promises to lower the cost of diamond films by as much as 75 percent. The combination of
outstanding physical properties of diamond, i.e., its exceptional hardness, thermal conductivity,
electrical resistance, chemical inertness, optical transmittance, electrical carrier mobility, dielectric
breakdown strength, etc., has led to a worldwide effort to optimize thin-film growth of diamond. The
Science article projects the market for diamond films to soar to $4.5 billion by the year 2000. The
Argonne scientists, Dieter Gruen and Alan Krauss, are supported by the Materials Sciences Division
for the basic science studies and by the Advanced Energy Projects Division to optimize the
microwave deposition parameters. Negotiations are underway with two electronic companies to
develop new uses of diamond films, e.g., to absorb heat from computer chips or serve as coatings
for computer hard drives.

Combustion Processes Can Now be Measured by New Technique °

A new method for monltormg combustion intermediates has been developed by scientists at the
Combustion Research Facility (CRF), Sandia National Laboratories, California, with support from the -
Chemical Sciences Division of the Office of Basic Energy Sciences. The exciting feature of this
method is that it is, in effect, self calibrating. The use of spectroscopy to measure species
concentrations in solution or.the gas phase has been used for decades and is based on measuring
the spectral response of the species at known concentrations and thereafter determining its
concentration from measurements of its spectral response. This is fine for stable species where test
samples of known concentrations can be prepared. It cannot be done, however, for the unstable
intermediates characteristic of combustion. These unstable intermediates are critically imporant for
determining the properties of combustion systems. Such well-known phenomena as engine knock
and NO, emissions result from the chemistry of unstable intermediates. Models for designing new
combustion systems must be able to predict the behavior of the unstable intermediates and
techniques have been sought for their measurement in combustion systems for years.

The new technique developed at the CRF is based on a combination of two independent
measurements. Both measurements are spectroscopic, but each method has a different dependence
on the species concentration and on its controlling spectroscopic parameter, the so-called line
strength.. From the two spectral responses, two functions of two unknowns, the needed line strength
can be determined and used for simpler, single technique measurements. This duplex technique will
allow more widespread and accurate measurements to be made for the characterization of
combustion systems. The method has recently been reported in the June 17 issue of Science and
was highlighted in that issue's "This Week in Science" column.

Solvent Reorientation Sheds Light on Solar Energy Conversion

The conversion of solar energy into useful energy forms is scientifically complex and technologically
difficult. While the final form of an efficient conversion device or system has not been defined,
possible forms include solid state photovoltaics, coated semiconductor electrodes, as well as other
homogeneous and heterogeneous systems. However, studies of homogeneous solutions provide
much information which can be applied to the ultimate construction of heterogeneous systems.

For example, the interpretation of transient electronic processes in solution including electron transfer
requires an understanding of the molecular dynamics of solvents where the reorientation (relaxation)
of the solvent around nascent charges defines the completion of a charge transfer process. In recent
optical studies, performed by Dwayne Miller at the University of Rochester, in the femtosecond (10
'3s) to picosecond (10'%s) time frame it has been shown that, at least in water, different types of
molecular motions can be identified that provide a microscopic picture of solvent reorientation. It
appears that relaxation is determined largely by hindered translational motion rather than
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intermolecular molecular vibrational action. Such seemingly esoteric information will, undoubtedly,
prove useful in the future for development of efficient solar conversion devices.

Environmentally Benign and Energy Efficient, Photoassisted Chemical Syntheses Discovered

A new technique has been developed for selective conversion of smail abundant hydrocarbons to
industrially important intermediates using red and near-infrared light. The environmentally friendly

‘photochemical reaction pathways were discovered by Heinz Frei and coworkers at Lawrence

Berkeley Laboratory, with support from the Office of Basic Energy Sciences/Division of Chemical
Sciences. The reactions take place inside the pores of inert solid, honeycomb materials known as
zeolites, at room temperature. The walls of the zeolite cages stabilize tightly held pairs (charge
transfer complexes) of hydrocarbon and oxygen molecules, allowing the photochemical reactions to
be driven by inexpensive low-energy infrared photons from a conventional tungsten lamp, instead of
ultraviolet light most often-used in photochemistry. The infrared photochemical reactions are more
selective, producing chemicals such as acrolein from propylene, and benzaldehyde from toluene,
without unwanted side reactions which necessitate distillations or release of carbon dioxide, the major
contributor to the greenhouse effect. The research has generated |nqumes for more |nformat|on from
major chemical companles

Mechanism for Sulfur-Induced Corrosion Elucidated
Dr. Jeffrey Kelber, University of North Texas, Denton, Texas, whose research is funded by the
Division of Materials Sciences, Office of Basic Energy Sciences, has obtained further results' which
yield significant new insights on the mechanisms of sulfur-induced corrosion in the power plant
environment. A major cause of corrosion and materials failure in power plants is sulfur contamination
which can arise from ubiquitous environmental sulfur or from internal impurities in the material.

Sulfur contamination degrades the stability and protective nature of the oxide overlayer, causing
catastrophic failure. Such failure translates into several billion dollars a year in materials replacement
costs in electric power plants.

The precise microstructural mechanism which leads to the destabilization of the oxide layer is the
subject of Dr. Kelber's research. - By growing oxide overlayers (scales) on pure iron polycrystalline
samples possessing a single monolayer of sulfur and under rigorously controlled ultrahigh vacuum
conditions, Dr. Kelber is able to conclusively demonstrate that sulfur-oxygen bonds and the formation
of sulfur dioxide is connected to the sulfur-induced instability of oxide scales. These experiments
disprove previous claims that sulfur-sulfur clusters were the primary species present a the interface.
Future studies will focus on the prevention of such corrosion via appropriate modifications to the
chemistry of the metal/oxide interface. This basic materials science research underpins Dr. Kelber's
current applied research program with the Electric Power Research Institute (EPRI).

Synchrotron Radiation Used to Study Mineral Surface‘

Investigators at Argonne National Laboratories and Northwestern University have applied a new
technique to study mineral surface reactions.- This technique takes advantage of the high x-ray flux
provided by synchrotron radiation to image locations of impurity. atoms by analyzing reflectivity and
fluorescence yield from x-ray standing waves generated inside near—perfect single crystals of calcite
(CaCO,). Trace amounts of Pb that dissolved in calcite from dilute aqueous Pb-solutions have been
interpreted to be 2/3 distributed in substituted, undisplaced Ca positions on the crystal surface, with
the remaining 1/3 disordered. -The replacement of trace amounts of Pb for Ca without generating
more than localized lattice strain is unexpected in view of its much greater size. In the future,
applications of this approach will be applied to in-situ observations of sorption on the calcite-liquid
interface, using the higher x-ray fluxes generated at the European Synchrotron Research Facility and

]
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the Advanced Photon Source facjlity._

This study provides the first direct observations of the process of Pb uptake by calcite, the major -
constituent of limestone. Understanding the rate and mechanisms for trace metal sorption and
desorption on calcite surfaces is fundamenta! information for assessing the effectlveness of local
trapplng, or release, of heavy metal contaminants in groundwater

The research was jointly supported by the National Smence Foundation, the National Institutes of
Health and the Geosciences Research Program in the Office of Basic Energy Sciences. X-ray
standing wave experiments were performed at the National Synchrotron Light Source, Brookhaven
National Laboratory, an Office of Basic Energy Sciences-supported facility.

. "Molecular Velcro" Polymers Offer Rational Design of High-Strength Polymer Composites

In a paper accepted for publication in Science, Anna Balazs and collaborators at the University of
Pittsburgh, Miriam Rafailovich and collaborators at the State University of New York at Stony Brook,
together with scientists at Bellcore in Red Bank, New Jersey, and at Exxon Research and :
Engineering Company, describe the successful design of graft copolymers that act as "molecular
velcro” dramatically improving the mechanical properties of polymer composite material and
significantly increasing the variety of materials that can be used for multiphase and multicomponent
composite materials. This industry-university collaboration involves theoreticians at the University of
Pittsburgh whose predictions were .confirmed by the Stony Brook-industry collaboration.

Desirable polymer properties are commercially achieved by blending or alloying different polymeric
components. The actual fabrication of polymer blends poses significant challenges. Most polymers
are immiscible and, thus, the components separate into phases with distinct, macroscopic domains.
In order to enhance the structural integrity and mechanical properties of the resulting material,
copolymer "compatibilizers" are added to the mixture. These copolymers localize at the interface
between the immiscible polymers, lower the interfacial tension, and disperse the incompatible
polymers into smaller domains. Consequently, the degree of adhesion between the phase-separated
regions and the mechanical properties of the material are significantly enhanced. The new results,
presented in the Science paper, allow the rational design of the copolymer side chains such that they
interlock across the polymer/polymer interface and effectively fasten to two phase-separated regions,
hence, the reference to molecular velcro. These results are particularly important because the
interlocking parts of the polymer can be formed from a broad class of polymers and the copolymers
“can be easily and inexpe